SEP 14 '94 15:55 



PAGE . 802 



Role of osmolality and plasma volume 
during rehydration in humans 



HIROSHI NOSE, GARY W. MACK, XIANGRONG SHI, AND ETHAN R NADBL 
John B. Pierce Foundation laboratory and Departments of Epidemiology and Public Health 
and Physiology, Yale University School of Medicine, New Haven, Connecticut 06519 



Nose, HxroShi, Gary W. Mack, Xiangrong Shi, and 
Ethan R. NadBL, Role of osmolality and plasma volume during 
rehydration in humans. J. Appl. Physiol. 65(1): 325-331, 
1988.— To determine how the sodium content of ingested fluids 
affects drinking and the restoration of the body fluid compart- 
ments after dehydration, we studied six subjects during 4 h of 
recovery from 90-110 min of a heat [36*C t <30% relative 
humidity (rh)J and exercise (40% maximal aerobic power) 
exposure, which caused body weight to decrease by 2,3%. Dur- 
ing the 1st h, subjects rested seated without any fluids in a 
thermoneutral environment (28*C, <3055 rh) to allow the body 
Quid compartments to stabilize. Over the next 3 "h, subjects 
rehydrated ad libitum using tap water and capsules containing 
either placebo (H 2 0-R) or 0.45 g NaCl (Na-R) per 100 ml water. 
During the 3-h rehydration period, subjects restored 68% of the 
lost water during H 2 0-R, whereas they restored 82% during 
Na-R (P < 0.05). Urine volume was greater in H 2 0-R than in 
Na-R; thus only 51% of the lost water was retailed during 
H 2 0-R, whereas 71% was retained during Na-R (P < 0.05), 
Plasma osmolality was elevated throughout the rehydration 
period in Na-R. whereas it returned to the control level by 30 
tnin in HaO-R (P < 0.06). Changes in free water clearance 
followed changes in plasma osmolality. The restoration of 
plasma volume during Na-R was 174% of that lost. During 
H*0-R it was 78%, which seemed to be sufficient to diminish 
volume-dependent dipsogenic stimulation. These results sug- 
gest that the poorer rehydration when drinking water is caused 
by both removal of the osmotic drive for drinking and a rise In 
free water clearance* primarily due to the loss of electrolytes- 
during dehydration. In additionv the higher degree £f< recovery 
in plasma volume than, in total body water during H?0-R and 
Na-R delayed rehydration by removing the volume-dependent 
dipsogenic stimulation* 

involuntary dehydration; osmotic balance; electrolyte loss; fluid 
compartments 



humans have a prolonged period of delayed rehydration 
after thermal dehydration* This phenomenon has been 
known as involuntary dehydration since 1947 (25), and 
a number of studies have been conducted to better un- 
derstand its cause (8, 10, 13). Dill et aL (3) suggested 
that thirst is primarily a function of the sodium chloride 
concentration in plasma rather than plasma volume, 
Greenleaf (9) stated that two factors unique to humans 
contribute to the involuntary dehydration: excessive ex- 
tracellular fluid loss due to Na + loss into sweat and the 
upright posture. Recently, Morimoto et aL (16) found 
that the degree of involuntary dehydration in humans 
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was reduced when a glucose-electrolyte solution rather 
than water was ingested during and after thermal dehy- 
dration. However, their results may have been biased by 
the presence of glucose in their rehydration solution 
because taste of the glucose-electrolyte solution may have 
influenced drinking behavior. More recently, Nose et aL 
(21, 22) demonstrated that the degree of in voluntary 
dehydration was reduced in rats supplied with water 
containing 0.45 or 0.9% NaCl to compensate for the loss 
of electrolytes during thermal dehydration- These results 
strongly suggest the involvement of osmotic factors in 
the involuntary dehydration phenomenon. 

There has been other evidence demonstrating the im- 
portance of the plasma volume change in involuntary 
dehydration. Nose et aL (21) reported that in rats 17- 
20% of the ingested water remained in the vascular Space, 
which is twice as much as expected, assuming that in- 
gested fluid is distributed proportionally among the body 
compartments. These results also suggested to us that 
the high retention of ingested fluid in the vascular space 
might diminish volume-dependent dipsogenic stimula-. 
tion despite the incomplete restoration of the total water 
deficit. 

The purpose of this study was to assess the involuntary 
dehydration phenomenon in humans. We wished to ex- 
amine the distribution and fate of the water ingested 
during rehydration to determine the mechanisms con-: 
tributing to the high retention of ingested fluids in the 
vascular space. Our hypothesis was that the dispropor- 
tionately high recovery of plasma volume, with respect 
to total body water, contributes to the removal of the 
dipsogenic drive. Furthermore, removal of the osmotic 
stimulus accompanying plasma volume dilution limits 
the rate of body fluid restitution. 

METHODS 

Design. Six male volunteers were studied Their phys- 
ical characteristics are shown in Table 1. With a few 
exceptions, to be described below, the procedures and. 
analytic techniques were the same as in the preceding 
communication (18). We induced a dehydration of 2.3% 
body wt by exposing subjects for 90-110 min to a simul- 
taneous heat [36" C, <30% relative humidity (rh)] and 
exercise (40% maximal aerobic - power) stress, in the 
seated position. 

After dehydration, a 60-min recovery without fluid was 
imposed to allow the body fluid compartments to stabi- 
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TABLE I. Characteristics of subjects 





7* 


kf 




Blood 
Vohime. 


Plasma 
ml/kg 




2&3 


68.3 


51.8 
36.4-62-9 


S2.1 


47.4 



n r6 $ub}3- Vo:^ maxiamn aerobic powtr. 




Time, min 

nc 1. Cumulative amount of fh»d intake, urine vohtae, *ad net 
ftaki gain during 180 min of rehydration. Values are means * SE of $ 
subjects. *> Body water loss as. difference from prexehydration leveL o 
and *% Tap water (H,0-3t> and NaCl (Na-R) recovery conditions, 
respectively. * H,0-R v*. Na-R GP < 0.05); 1 60 vs. 120 and 180 xnin (P 
<C05). 

lize. Recovery was . in a thermoneutral environment 
(28° C 7 <30% rh) and subjects were' in the seated position 
throughout* A butterfly catheter was inserted into a 
superficial forearm vein within 10 min of the termination^ 
of exercise. Blood samples were taken directly after cath-* 
eter placement and at 30 and 60 min of recovery. There 
were no differences in plasma osmolality (Po»»oi) or 
plasma volume between 30 and SO min. after the termi- 
nation of exercise, thereby confirming that a new steady- 
state had been achieved- 

During the next 180 min, subjects rehydrated with 
water plus capsules ad libitum. Two series of rehydration 
experiments were performed on each subject J ) with tap 
water (H 7 0-R), and 2) .with 0.45% NaCl solution (Na- 
R), Subjects were given a capsule containing either 0.2 g 
sucrose/100 ml water during H 2 0-R or 0.45 g NaCl/100 
ml water during Na-R. Water temperature was s 15°C. 
The minimu m allowable drinking volume at a time was 
100 ml because subjects were expected to take one cap- 
sule per 100 mL Sodium and potassium concentrations 
in tap water were undetectable by flame photometry and 
the osmotic activity of the sucrose solution was ~4?t of 
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the 0.455c NaCl solution, so that the gain of osmotically 
active substances in H2O-R was ignored. Ingestion' of 
salt in capsule form was necessary to avoid any influence 
of taste on drinking behavior. 

Blood samples were taken at 10, 20, 30, 60, 120, and 
180 min of the rehydration period, and urine was col- 
lected at 60, 120, and 180 min of rehydration: 

Measurements. From each blood sample we deter- 
mined Porod (freezing point depression, model ZDU, Ad- 
vanced Instruments) and plasma electrolytes ([Na + ] and 
[K~l> flame photometry, Instrumentation Laboratory 
model 433; [OF] Cotlove chloride titrator). These were 
expressed in meqAg H 2 0 .after correction for plasma 
solids. We also measured microhematocrit, hemoglobin 
concentration (cyanomethemoglpbin), plasma protein 
concentration (refractometry), and plasma solid concen- 
tration (dry weight method). 

Calculations* Total water loss due to dehydration' was 
estimated from body weight loss. Net fluid gain was 
calculated by subtracting total urine loss from water 
intake, assuming that respiratory water loss and sweat 
loss at rest were negligible. Electrolyte losses in sweat , 
and urine due to dehydration were calculated by multi- . 
plying the volume of water loss by the concentration, of 
each fluid, r^pectively {see Re£ 18). Net electrolyte gain 
was calculated by subtracting electrolyte loss in urine 
from electrolyte Intake. The change in plasma volume 
(APV) during an experiment was calculated from 
changes in hematocrit and hemoglobin concentrations* 
(4). The change in extracellular fluid (AECF) space after . 
180 min of rehydration was determined by Cl distribu- 
tion, assuming that Cl" is equally distributed throughout • 
the ECF space (22) 

AClicr- CG - CIS - CIS 

AClicr = AClfsr + ACfo 

AISF ~ 1/1.05 x ACWACIpi X APV 
AECF = APV + AISF 

AlCF = ATW - AECF 

where 1CF denotes intracellular fluid space, ISF denotes, 
interstitial fluid st>ace, TW indicates total body water,, 
and subscripts PL ISF, ECF, In, U, and S indicate- 
plasma, interstitial and extracellular fluid spaces, intake, 
urine, and sweat, respectively. 

Statistics. Two-way analysis of variance (ANOVA) for 
repeated measures was used to determine differences 
between H 2 0-R and Na-R, with significant differences 
between the two groups at various times determined with 
Tukey's minimum significant difference (MSD) test (27). 
Specific trend analysis for each treatment was perforated 
with a one-way ANOVA for repeated measures with 
significant differences between each time also deter- 
mined with Tukey's MSD test. The null hypothesis was 
rejected when P < 0.05. Regression formulas were cal- 
culated by Brace's method (1). All values are reported as 
means ± SE of six subjects. 

RESULTS 

The total body water deficits immediately before re-- 
hydration in the two conditions (H?0-R and Na-R) were 
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23 J ± 0.9 and 21-7 ±1.0 ml/kg body wt. Since the 
difference in deficit between the two conditions was not 
significant, the data were pooled and the body water loss 
during dehydration therefore averaged 22.7 ± 0.7 ml/kg 
body wt \n = 12). 

Figure 1 shows the cumulative amounts of fluid intake, 
urine output, and net fluid gain during rehydration. The 
cumulative fluid intake increased sharply for the first 30 
rain in both. recovery conditions and then slowly in- 
creased to 16.1 ± 2.9 ml/kg body wt in H 2 0-R and 17.8 
± 2.8 ml/kg body wt in Na-R after 180 min of rehydra- 
tion. By 180 min the cumulative fluid intake for Na-R 
was significantly greater than for H*0-R. Urine volume 
tended to be greater during H 2 0-R than Na-R, but this 
difference was not statistically significant Taking the 
urine volumes into account, the net fluid gain at 180 min 
was 15*3 £ 2.4 ml/kg body wt in Na-R and 12.1 ± 1.6 
ml/kg body wt in H^O-R. The.difference in net fluid gain 
was significant at 120 and 180 min. Net fluid gain during 
Na-R increased significantly between 60 and 180 rnin, 
whereas net fluid gain during H 2 0-R showed no signifi- 
cant increase after 60 min. 

Figure 2 shows the changes in hematocrit (AHct), 
hemoglobin concentration (AHb), and plasma solids dur- 
ing rehydration. After 60 min. of rest without fluids after 
dehydration, Hct, Hb, and plasma solids were increased 
significantly. These variables returned to control rela- 
tively slowly during HzO-R; Hct was restored after 30 
miTt of rehydration and Hb and plasma solids were re- 
stored after 120 ™in gf rehydration. On the other hand, 
these variables returned to the control levels more rap- 
idly during Na-R than during H*0-R, with significant 
differences being maintained between the two rehydra- 
tion conditions throughout the 180 min. During Na-R, 
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fig. 2. Changes in hematocrit (AHcx), hemoglobin (:lHb), end 
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Hct fell significantly below the control values after 120 
min. Changes in plasma protein concentration were aK 
most identical to changes in plasma solids. Total protein 
content, calculated from plasma protein concentration 
and PV, was 3.4 ± 0,2 g/kg before dehydration in both 
groups and, at 180 min of rehydration, 3,4 ± 0.3 g/kg 
and 3.5 ± 0.2 g/kg in H 2 0- R and Na-R, respectively. 

Figure 3 shows the changes in plasma electrolytes 
during rehydration. During Na-R, plasma electrolytes 
tended to decrease, but P 0 «md remained significantly 
above the control concentration until 120 min of rehy- 
dration, [Na+] untii 60 min, [K*] until 30 min, and (Crj 
until 10 min. On the other hand, plasma electrolytes 
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decreased significantly at the beginning of H 2 0-R, and 
significant differences between the two conditions were 
maintained for P<*s*] and [Na*] throughout the rehydra- 
tion period. No significant differences in [K~] occurred 
between the two conditions throughout the rehydration 
period. 

Figure 4 shows the changes in plasma volume from 
predehydration values. After dehydration, the PV deficit 
was 2.28 ± 0.51 and 2.14 ± 0.60 ml/kg body wt in the 
HjO-R and Na-R experimental conditions, respectively 
During H*0-R,PV increased slowly but remained signif- 
icantly lower than the control PV until 60 min. PV 
restoration was faster during Na-R and returned to the 
control level by 20 min. By 180 lain of rehydration, the 
changes in PV with respect to control were —0.51 ± 0.S 
and +1.58 ± 0.63 ml/kg body wt in H 2 0-R and Na-R, 
respectively- 
Free water clearance (Qh^o) was significantly increased 
(less negative) during H 2 0-R but decreased sligbtlv 
(more negative) in Na-R (Table 2). These differences in 
C»,o between the recovery conditions were significant. 
In addition, the loss of osmotically active substances and 
osmotic clearance (Co***) was greater in Na-R than in 
H*0~R (Table 2). 

. During Na-R subjects consumed 119% of the Na~ lost 
during dehydration, whereas during H 3 0-R they con- 
sumed no electrolytes. Because of the K" and Na" losses 
in urine during rehydration, the net cation balance at 
the end of the rehydration period was —0.66 meq/kg body 
wt in Na-R. whereas it was —1.81 meq/kg bodv wt in 
H 2 0-R(Table3). 

Fluid and electrolyte balances during rehydration are 
summarized in Fig. 5- The means are plotted with SE 
bare at 60-min intervals from the dehydrated condition 
(0 min) to rehydrated conditions (6G\ 120. and 180 min) 
in both groups. The intersection of the x- and y-ares 
represents the predehydrated condition (control) and the 
solid line indicates the isotonic line, y - 0.1 5t. The area 
above the isotonic line reflects hypertonic body fluids 
and the area below the line represents hypotonic body 
fluids- In both recovery conditions, H 2 0-R and Na-R, 
fluid and electrolyte balance moved toward the theoret- 
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ical isotonic line. Only in H 2 0-R did the fluid balance, 
reach the isotonic line. The degree of involuntary dehy- 
dration after 180 min of drinking was primarily deter- 
mined by the cation deficit. 

Changes in the body fluid compartments after dehyi 
diation and 180 min of rehydration are summarized in 
Fig. 6. The values are shown as differences from the 
predehydration values. After dehydration and after the 
60-min period of body fluid stabilization, change in total 
body water (ATW), change in intracellular fluid space 
(AlCFh AECF, and APV were -22.7 ± 0.7, -10.2 ± U), 
-12.6 ± 0.8, and -2.2 ± 0.4 ml/kg body wt, respectively! 
After 180 min of rehydration the fluid deficits in all 
compartments were significantly reduced. The TW and 
ICF space were still significantly lower than predehydra- 
tion values in both recovery conditions. The ECF space 
recovered in Na-R, whereas it did not in H 2 0-R Signif- 
icant differences between H 2 0-R and Na-R occurred in 
ATW, AECF f and APV (Fig. 6). 

Figure 7 shows the relationship between the recoveries 
in PV (rPV) and total body water (rTW) (top) and - 
between the rPV and ECF space (rECF) after 180 min 
of rehydration (bottom). Values are shown as differences 
from the prerehydration values in each subject, and the . 
means of each group with SE bars are also shown* 
^ Since there were no significant differences between 
the regression formulas between the recovery conditions, 
all data were pooled for the following analysis. The rPV 
was closely correlated not only with the rTW (y m 0.47 
x x - 3.8; r - 0.77, P < 0.01), but also with the rECF 
space (y « 0.48 X x - L09; r « 0.87, JP < 0.001) during 
rehydration, The ratios of rPV to rECF were not signif- 
icantly different between the two groups during rehydra- 
tion, averaging 0.36 ± 0.11 and 0.29 ± 0.04 for H 3 0~R 
and Na-R, respectively, but the ratio of rPV to rTW was 
significantly greater in Na-R (0.21 ± 0.05) than that in 
H,0-R (0.12 ± 0.05). 

The dashed lines in Fig. 7 (top and bottom) are the' 
theoretical lines, assuming that the distribution of in- 
gested fluid between the two compartments was propor- 
tional to their initial volumes (28). All the data points 
except three are located above the theoretical lines, which 



TABLE 2. Renal function after dehydration and rehydration 



Rehydration, mis 
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21.0*11.4 
11.545,8 


25.£±l7.2 


?.9±0.9 
7&±Q.q 


S.G^O.S 


8-2=1.0 


7.1=0.7 
9.3=1-0* 


27.5^3.0 


22.9=3,2 
26.1=1.8 


2S.7±3.5 
32.4=4.4 


25.3±2.6 


16.S±1.2 


— 21.0=2.4 
-•7.7-1.3 


-T.7±I2.1 
-21.0=4.2- 


- 0.$=3€-2 
^21.7=3.3* 



Urine flow, *J . kg" L • min"' 
HiO-K 
Na-R 

[Oszpoljt; X -urine fww, /iramoi- 

H*0-R 
Na-R 

H,O.R 

C»p, |il* kg"" 1 . min" 1 
RjO-R 
Na*R 



ocnoialLt?: C * ostdouc clearance Cb^ free water clearance. ' Sienifican; di/fcrences bemea H : 0-R and Ne-R poups CP < 0.05'.. 
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TABLE 3. Electrolyte balance after dehydration 
and at 180 min of rehydration 





Dehydration 


Rehydration 


HfO-R 


Na-R 




Na-R 


NV loss 


-1.0l±0.15 


^L18±0.l2 


-L2S±0.17 




K*!0S6 


-O.3L£0.Q3 


-O.31±a03 


-0.54i0.05 


0.58±0.03* 


cr iws 


-0.95*0.11 


-1.09±0.14 


-1*28±0.12 


-U3±0.l6* 


Na* intake 








+L40±0.22 


Cation 


-1.32±0.15 


-1.49±0,13 




-0.66 ±0,14* 


balance 











Value* aw mean* ± SE in meo/kg body wt. H^O-R and Na-R, 
rehydration condition* *ith tap water and 0*4S% NaCl solution, re- 
spectively. * Significant differences between Hfi-K and Na-R IP < 
0.05). 



Fluid Baloncc. ml/kg bw 
-20 -JO 




bOTcnic line 



FIG- 5- Recoveries of fluid and electrolyte balance during rehydra- 
tion. Means of 6 subjects are shown with SE bars of 60- min intervals 

during rehydration. > Theoretical isotonic line (y - 0.15*). * Points 

significantly different from isotonic line (P < 0,05). Abbreviations as 
in Fig. 1/ 

means a greater relative recovery of PV than TW or ECF 
space. 

DISCUSSION 

It is well known that the regulation of fluid intake is 
influenced by. both .Pq^ and volume, as well as by 
oropharyngeal and gastric factors, (5, 24), but the relative 
importance of these factors In rehydration remains un- . 
known- Since the early phase of rehydration is the time 
during which water and electrolytes move dynamically 
among fluid compartments to attain new steady states, 
transient changes in and/or PV might influence 
drinking behavior. 

Drinking: the early phase of rehydration (0-60 min). 
Even though the changes in. and PV were quite 
different between H 2 0-R and Na-R until 60 min of 
rehydration (Figs, 3 and 4), fluid intake and net fluid 
gain were identical during this period (Fig. 1). During 
H 2 0-R, Pcm»i and {Na*] began to decrease immediately 
after the onset of drinking. [Na*] returned to the control 
level within 10 min arid P <msA returned by 30 min. During 
Na-R, P«n«rf remained elevated after 60 min. Thus if an 
elevated P<»a»i were the only factor contributing to the 
dipsogenic drive, drinking should have been greater dur- . 
ing Na-R PV restoration at 60 min of H 2 0-R was only 
17% of that lost, whereas at 60 min of Na-R, PV resto- 
ration was 60% of that lost Thus the races of fluid intake 



A Fluid Compartments, ml/kg bw 
Q -10 -20 




Dehydration 
(0 min) 



H 2 0-R 
(180 min) 



No-R 
(180 min) 

□ ATW 
S AICF 
3 AECF 
0 APV 

F1C. 6. Changes of fluid compartments shown as differences from 
control values. Values are means ± SE of 12 subjects in dehydration 
and 6 subjects in each recovery condition at 180 rain of rehydration. 
All recovery values are significantly different from dehydration values 
(P < 0-05). * Tap water (Hi0-R) vs. NaCi <Na-R) recovery condition* 
CP < 0.05); * different from control (P < COS). dTW, change in total 
body water; AlCF, change in intracellular fluid space; AECF, .change 
in extracellular fluid space; APV, change in plasma volume. 

in the different recovery conditions, while similar, were 
driven by different factors. 

Other occurrences may have further contributed to the 
similarity in the rates of fluid intake despite the apparent 
differences in volume and osmotic drives in the two 
recovery conditions. The importance, of preabsorptive 
influences, such as oropharyngeal metering and gut dis- 
tension in the early termination of drinking, have been 
reported by several investigators (e.g., 24). Thrasher et 
al (29) reported that in dogs oropharyngeal stimuli were 
important not only for the inhibition of drinking but also 
for the suppression of arpnine vasopressin release. Sim- 
ilar results have been, reported in humans (7 t 26). Rolls 
et al. (23) suggested the importance of gut distension in 
the early termination of fluid intake based on subjective 
feelings reported by the subjects. 

DriTiking: the later phase of rehydration (62-180 rnin). 
Significant differences in fluid intake between H^O-R 
and Na-R occurred at 180 min and in net fluid gain at 
120 and 180 min. Po*** and [Na 4 ] in Na-R remained 
elevated at 120 min. On the other hand, in H 2 0-R 
returned to the control level by 30 min. The increase in 
urine flow and C^o in H 2 0-R after 120 min reflected the 
return of Pownoi to its control level, thereby causing net 
fluid gain to remain constant During Na-R subjects 
restored PV to the control value by 30 min; during H a O- 
R P V was restored by 120 min. - 

Thus two issues should be considered in attempting to 
understand the greater cumulative fluid intake at 180 
min during Na~R. The first is the persistent existence of. ; 
an osmotic drive for drinking in Na-R and the early • 
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rECr, ml/kg bw 

PIG. T. Belationshi? between recoveries in piascia volume (rPV) 
and total body water (rTW) {top) and between recoveries in plasma 
volume (rPVYana extracellular fluid volume (rECF) {bottom) during 
rehydration with tap waxer (H 2 0-R) and 0.45£ NaQ solution (NVR). 
— '. Theoretically erpected lines, assuming that diymbudon of in- 
gesxed fiuid between two compartments is proportional to their initial 
volumes (Ret 2S). Individual data at ISO min o£ rehydration are ploned 
as differences from prerenydmion. vaJues, as are means ± SE of each 
group. 

removal of this drive in H 2 0-R. The second is that the 
PV recovery in the H 2 0-R seemed to be sufficient to 
diminish the volume-dependent dipsogenic drive. In sup- 
peri of this latter notion, we found that plasma renin 
activity and plasma aldosterone returned to control ievels 
by ISO min in H 2 0-R (19). 

The fiuid and electrolyte status in K?0-R returned to 
the theoretical isotonic line by 60 min of rehydration 
(Fig. 5). At this time the subjects still had a 49% deficit 
in TW, of which 64% was attributed to inadequate re- 
placement of ECF and 36% to inadequate replacement 
of ICF (Fig- 6). During fta-R subjects almost returned to 
the isotonic line by 180 mm, and they did so closer to 
the origin. After ISO min the deficit to TW was 30%, 
which was nearly all attributed to the ICF deficit, since 
the subjects regained 95% of the NV loss (Table 3). 
After ISO min the ICF space deficits were 4.2 and 5.3 mi/ 
kg body wt {P > 0-05) in .H 2 0-R and Na-B (Fig. 6), and 
the K* losses were 0.54 and 0.58 meq/kg body wt. re- 
spectively (Table 3). In other words, the ICF space losses 
had an average [IT) of 130 meq/k£ H : 0 in H2O-R and 
110 meqAg H 3 0 in Na-R- Thus 70^-80% of the lost ICF 
space can be explained by the movement of water after 
viae loss of K" : assuming that [K*) in ICF is initially 165 
meq/kg H 2 0 (221, These results indicate that the" ICF 
space deficit in both recovery conditions was almost 



entirely due to the K* loss. The larger ECF space deficit 
in H:0-R was due to the greater loss of Na~. In other 
words, the degree of rehydration in each compartment 
was determined by the ability to restore the ions lost 
from each compartment. 

Recovery of PV. Costill and Sparks (2) reported that 
rehydration with a glucose-electrolyte solution resulted 
in a better recovery of PV than with tap water after 
thermal dehydration. Mack et aL (13) obtained similar 
results using dilute NaCl solutions. In this study, we 
found increases in PV of 1.6 and 3.5 ml/kg body wt after 
180 min in H2O-R and Na-R, respectively. This was 
equivalent to 12 and 21% of the net fiuid gain and 36 
and 29% of the increases in ECF space, respectively (Fig. 
7). It is reasonable to assume that the greater restoration 
of PV in Na-R was simply due to the greater restoration 
of the ECF space. Another possibility is that the gut 
absorption rate of a hypotonic NaCl solution may have 
been faster than that of tap water. Nose et aL (21) 
reported that rats rehydrated with 0.45% NaCl solution 
tended to regain blood volume more rapidly than with 
tap water. Maximum changes in blood volume occurred 
14 min after the onset of rehydration when drinking tap 
water and 9 min after the onset when drinking the- NaCl 
solution. Hunt and Pothak (11) investigated the effects 
of solutes on gastric emptying in resting humans, and 
demonstrated that gastric emptying was three times 
faster when subjects drank a dilute saline solution (1(XK 
300 mosmol/kg H 2 0) than when drinking distilled water. 
An improved gastric emptying may contribute to .a more 
rapid restoration of blood volume when subjects drink 
dilute saline, . 

Figure 7 shows that the recovery of PV after 180 min 
of rehydration was relatively greater than the recovery 
of 7W in both recovery conditions. The recovery of PV 
was also greater than the recovery of the ECF (Fig. 7 y 
bottom). Although the precise reason for the selective 
retention of ingested fluid in the vascular space is not 
clear,- the movement of fluid between the intra- and 
e^travascular compartments should follow the Starling . 
forces (6, 12. 15). The -time to reach a steady state 
depends on the transvascular filtration coefficient for 
water, which is influenced by the available capillary 
surface area in different conditions (14, 17). Nose et aL 
(20) reported that after thermal dehydration in rats, the 
splanchnic blood volume was well maintained, in con- 
trast to that of skin and muscle. It is possible that a 
redistribution of blood flow to maintain the central blood 
volume changes the effective capillary surface area and 
influences fluid movement between intra- and extravas- 
cular spaces during rehydration. Thus the rate of blood 
volume restoration should be determined by both the 
rate of fluid movement from the gastrointestinal tract to 
the intravascular space and the rate of fluid shifts be- 
tween the intra- and extravascular spaces. The selective 
retention of ingested fluid in the vascular space may have 
diminished the volume-dependent dipsogenic stimula- 
tion in spite of the persistent existence of a TW deficit. 

In summary, during recovery from moderate (2.3% 
body wt) whole-body dehydration, a delay in rehydration 
is caused by both the electrolyte deficit from the intra- 
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and extracellular spaces and the removal of a volume* 
dependent dipsogenic drive due to the selective retention 
of ingested fluid in vascular space. 
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